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Surveying the effect of packing volume on performance of fixed

bed activated sludge reactor for removal of organic matter in the
synthetic wastewater

Abstract

Introduction: In researches about treatment of domestic and industrial
wastewaters, different types of packing with variable filling grade are used.
Suggestion of a certain value of filling with packing is difficult and dependent to
the site specific technical and economical conditions. The purpose of this study
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was to determine the effect of packing volume on performance of fixed bed
activated sludge reactor for removal of organic matter in the synthetic wastewater.
Methods: A fixed bed activated sludge reactor with different filling grades of
packing, including 10 to 30% was experimented in two COD concentrations of
500 and 1000 mg/L with constant HRT of 4 hours.

Results: The most COD removal efficiency in influent COD concentrations of 500
and 1000 mg/L were 97.3 and 94.83% respectively, both for filling grade of 30%.
The data obtained from the statistical analysis show that the optimum filling grade
of packing for COD concentration o 500 mg/L was 20% and for COD
concentration of 1000 mg/L was 25%.

Conclusion: The data obtained from this study indicate that increase of filling
grade of packing in aeration tank has direct and positive correlation with
efficiency of reactor. But optimum volume of packing should be determined site
specific according to technical and economical conditions.

Key words: Activated sludge — Packing volume — wastewater treatment — organic
loading



T‘\'/Gc,;mgMBUlﬂI)LgL;aKquUMdLﬂéMJ;ZSD),S.L;:,;MW);EW)H

doddo — )

0 oled 4 NS aial fws slaanl B elgl 51 (o (09,8 pld p (e (Al slaas] 3
S S5 (59, 2 a8l ad; sla p3l8 g e 5l blas sla 03l g S g ogdle Lil yo a5 g,
LS 5 5l ome gl Caben b baygiST) cpl (VeY) 0 oo ool OB ajhas
abal jelaie 4y a5 o) el HeST) SO Vgaso (VoF) Wil a8 5 )18 oolainl 050 JI alites
Sy o E5 9 Vb 0y e 5 ahal 4 0B b et (oo (Phb SMLSL ol ahl ol
5 ol JolS il gome @b Colas sl sl il SoS e KoY > sl YU
S nS sl sy G0l G 50 eizres Sk AAb ) e Slge Sl g by SS9l Jes
oxiy,l Sleogas Koo 51 (0F) Sl men sl 595575 (59,0 0ol 5L,k (Jolo o2 ol aus
G olge B oLl (oS T olge clale gl slo OB S5 ahal 4 plg o0 o a0
5 Omby ab) 033k lils (glo Sl ,Se 0y el ¢S (B ran (5551 S a3 e e sl
Al Caws (2ull a0 Sldllas jo ladss | (g lug (VA) 0,5 o)Ll yigy coaST L olag adgs
o S i b ol ez 08y i b Blae 0, Rl o ygiST, )5 aites o o o
Glp S ymie b cols sl s shls ctas sla,5iST, 00,5V =0) WS el 1 (358 Blual W3
Pl disej Cnl )0 (gl Slalllae (ST g Conl (5S4 g, I sla st ¥ 51 (gl 520
09STy S e pliden 0l Col jiey Slgie 4 uesly S SHOYAY) (e85 5 (Sho sl 0l
) 6’;.:] 5 5leds (6,50 daddlas ;o (V) widges colawl w8 Gl )IS ONSLE adal Iy colidsn
sy AT) Woges oolaiwl OB O] B> gl S e i oden 58T, 5T (VWAY
S2yd g s Sloie dy o0liiul 8590 Lde iz 4w (oo (LIS 500 Sldllae S o gex
695 O comll Ul sl cilizee Sl kel azg yies b Jld ol polsp e, Sudy
35 G €5 4z i b Gxio ol OB g5 S gl &5 sl (] adge ol laass
el S (098 0By S b (20l9e azdg> Jdl pae aSST S0 g 09h colitul (g 4z
Aoy (0 pie Sabp glas o b @lbw gl w5l olbos 05 ke lagss o
S5 s S cnlply ol a8l oljen 4y (it @l la NGB lil gl )55, (oaslga
Slidod wiols o el 6)lgds pol bie 95 5 oms e Bl 4 IS 25k G al)) g ol
St Al 17 e 550 )50y az gl b el oo (len polaiSl Lulpd 4 az g b (e
Slboe o wliiie ;o (T (o5 2 anse g eolil 050 Slo ey el og Sl)ly 4 Az Ly
o JUad 2 5581, 0 Shoe s @2 Sl e anlllan ol ) Ban el age iS5 (JulS

il e ogian B JT L el s ol



TPAA Jlo  Cudlags 0aSiils i g (S pole s Ol e Cudlags Gioled (o3 jlgs / YA

LS9, 9 dlge ¥
Sl iy glyls Jled oy you5T, L5l )-Y

Ao oo lid |y addllas ol o colaiwl 090 Col gy Jlad o 592 ST, 51 oles (V) S
VS o o oIS (a8 S 51 il (e o ol anllnn (il 5 eolisial 3,50 15551,
@ dlgr S pz Slas o ¥ g VO Ve N0 Ve i e s ol e j0 090 o]
Aoy 42 515 590 bito ah ¢y plil Gy iz 515585 &Y el @ 035 ()l L S Al
Coownd [0 anlllas aliee Jolpe j0 ¢ jlai 050 sl > 10 Silis WS S slo aladons
315881y 20ler jelate 4y .l ol ooy LV Jga j0 Lue Slasin ol o WSl ol
69955 Slor by S L 5 piieo (ol 50 caslio LMW ol s oolaiw] can )lsST oy S
Ol PH 5 00 5 (6l (Biglejl jo) of Kool a0 YO U V- (sloo jo a5, .28 8y e plel
A% e VIO B Y 00900t )0 puowe Sl S o alwg 4

V-Cm
44—
Tl ———
Fu ) ARNEEEEe
T f AL ; Lo Aoy
Fu ¥ ¥ Sas ,doys
‘ AR AT Y0 s
[
Sl T T T T T T \ e S, deys
O [T ‘7%* $2505 SASE

! Bee Cell



YAY/ sesiut0 OWsl JT )b (alS 53 ol st JI2d o2 )9iST) 3 ,Shos g i e il guy

o Olgre a3l 390 Lo Olasein 1Y Jgus

Glasin Aol
03,23 o pliwl (b Slge iz
YA cm? Lo sae 2 o o
\EARER B yo o 5o Loe olass
6+ mf/m® o515 las
\f- Kg S e B (33
AY % Jsdss
St X,

vov- kg/m® s




TPAA Jlo Cudlags 0aSiils i g (S pale sBAS Ol bazme Cldlage iulod mensjlgs / TAY

Cal pws Jlod ozt 19351, (510l of y :Y-Y
coiS sl b ool I A ey sl el sl 5l 3 s5e sl plSlg e ey jslate 4
Ol 4 5555 51,5551, (gilailoly sl o Jie ;55T 4y (54 NS Al apbas SO o
5 pagal 5915 LS 5 5l G5 hed g (59 5 @lie el pslate 4l ool (2, e
Job 5o o a5l )lg,Se 0l e Ll olml Cgzr w5 ooliial Gland oy (59 )00 (59
MSB Slood oS 5 OV ) 0l pudais Ve w00 )l 4 CINEP clinn Gl (Biios

el ool LIV Jga jo  Loian

0++ MY/L (539,90 COD clils gly o3lisiw! 3,90 (N3l OB oS 5 1) Joun

S50 5l 090 Hlade
e T i
e Ve CeH1206
e 5ude YA NH,CI
ks OIF KH,PO,
o 1A Na,CO;
Fod e S rols

Sy EY

G0 d Aad & O 4y e Sl i glhlo c@0lgn (o STy an Jlad o Jasl 5l ey
Olyee 4 Joloee 3emST (aols polaie 4 (molge Booe (0l 3 28,5 1,8 (5 al) 0)90 dtgl
3o i gslail ol &0 e Mg/l Jglore COD (gl o laisl jo i 28,5 alol Y-0 mg/L
O N e 4 ol e b (Fol  le aoys des jo eiSTy 0l el oy Ve iy (Sall
celw ool Sdgyam wile ey g Voo e MO/l 50+ COD slo clale baoo ¥ 5 YO OV
5° Olpds 003 0l e 0929 pae Djg0 4 adlllas (ol 5o Sl bl 288 18 lesl 5 )5e
b e oS Jlsie s p8ly 59, V0 IV b e Sl win 2590 sl al by

2,5 B Gialy y5e sl Ll & litos ey B PH 5 Jolona ()5S o ey &) 00y
LSS Y Bl b olae 0Kk sl Slalllas Jobo 40 sas &l 2Kiole;] sl ools 4o
Dl eaus 5 oo ol Lale g hgasie sla sols i 5l s 45 009 yiulej]



YA/ sesuan oMol JT )b GEalS )3 Coli st JIgb oo y9iST) 3 ,Shoe p i e il guy

Pl sl g, ¥
Slag TSS JISog (s rmg (o) 4 Jokme ST b (iS5 WSS, by, 4 COD clale
o0y 4 PH g ylege s alwg 4 Led (V0) )l (i (39 gy 4 Blae (A5 MLSS g (>g,5
9k 4 Hach Sl b Jluzms e pH G alws ol PH 00l (o0 (525 03101 (5 5205251

A7) o o (51> = (S9 (hg) &y 4 ol phidon ad (o0 (65 o3l il

=Wy
s o b x> 9 O MQ/L Joleo COD cdale jo (g )y )-Y
COD Gd> 003l (s Cawl 0ads ools Lid ¥V S jo al> 0 (] ;0 COD Bd> 003l polis

o x> 50 BA> 003l (1 yieS g (E FIOA Jlas Bl mil) AVIY e @ do 0 Vo s e (0
o> 50 COD Bis 005 polie el caws & (F F/AY JLxo Byl AF/E e 4 duoyo Ve
& OIVA [Lxe Slyzul) A0/ o(F VA Jlse Bl AVA Cd b a0 0o, 0 YO 5 Ve N0 s o
Vo Ve s o o>y (29,5 ©las TSS polie 0g wo o (£ O/FF jLas Gl il) AF/A 4
Ol ¥ ISs )0 29,5 olag TSS &l s &g, 0 VY MOIL g VY O F Ve ¥ (o as as o

el 00 oalo

100 -
95
90 -
85 -
80 -
75 A
70 -
65 -
60 -
55 4
50

y =3.24x + 83.1
R? = 0.8724

COD il aa o

10 15 20 25 30

(M) AYsh ad j3 eyl oy aaa

0++ MQG/L coli COD cdalé g Coli piwn ciliseo by poes 43 9581, B354 Y JS



TPAA Jlo  Cudlags 0aSiils i dagd Sy pole s8I Ol ] e Cublagy Giuled (e jlss / YAH

y=-5.8x + 37.4
R? = 0.8806

(mg/L) TSS
N
S

10 15 ren ﬁjdqﬁﬂw*% 30
culi COD cdilé g coli iy Blisee sl poxs 33 (2958 Clwg TSS cdalé o S
y+++ mg/L

ot o B x> 9 Vere MO/L Joleo COD cdale jo (g dly: V=Y

Y. 9 YO Yo N N wb)-a\-MA-’ 6L® = 9 Yooo mg/l_ 6&5)3 COD C;‘.B.Lé)b )5.';5‘) ‘5")[5
Slyssl) AV (E YIPA Lae Glil) AON A o«(F Y/FFFA e Gl l) YAIY S @ aoyo
Ol yuss Aigy 09 (VAT Jlse Blymil) AF/AY 5 (£ F/8) Lo Bl ) AV/FY o(E VA JLxs
S pz 0 (29, oley TSS clale polae .cwnl oal ools las ¥ S ;o COD G ool
100 +

95 4

90

85 4

80 4

75 y = 4.134x + 76.228

R? = 0.9097

COD diis 3a)

70

65 4

60 1

55 4

50

10 15 20 25 30

(M) AYp Gand p3 Sl Jiug pas

Yeoe MO/L ol COD clilé g Coli pns ko sl oo 3 59581, 2330 :€ USG5



Y%/ sepiuae Wil JT )b 2alS 53 ol st JIgd o2 )oiST) 3 ,Shos p i e pib a2

y =-6.38x + 40.12
R? = 0.8875

TSS (mglL)
S

10 15 20 25 30

(300 (AI iy 3l Sy aaa

Coli COD cdils g Coli punn Bliseo s oo 3 (29,5 ol TSS cdale 10 JSUS
y+++ mg/L

ol s il b w50 (229 50 p 2 Ol et Y -Y
Gl slo w3 (MLSS) byl mle 3las 5 (phdsm) odmnsr (29,500 2 Olpess W,
99 3R 4% ok (29,500 £y Gyt Lewl 0al AN Y Joaz o laly balyd o cul e
VA% e s ey a0 Ve cob s o o> 0 Voo e MOIL 5 01+ (504, COD clale
0y TVPY MOIL 5 VIFe iy 4,55 Lyl o MLSS clile ab Jol> a8 YAYS

Slp 5 TPV Gl s dioye Ve il g o 50 oz (09,500 £y (2 5eS uized
Dol Caws 4y Voo e MY/l ol COD (gl 0,5 +/AF 0+ - MY/L Joleo COD

isco s o )0 Sl plwy Jlad 2 (9515 (49,0 (2955w 02 Ol Y Jouo

o

Pt
COD = y++- mg/L COD = a-- mg/L
- - (1) s x>
MLSS (g/L) (@) pladgm MLSS (g/L) (@) pladgm
Y-qv - IAF Y-YA - I7Y )
Y-ar V/-9 YVeA -IA¥ V0
YVAQ V/AYo Yi\vP VYN Y.
Y\FP YIYAQ YYD VIAYO Yo

YAPY YIYYS YVYF- AIAYd Y.




IWAA Jlo bl g 23S0ils i g (S pole oG Ol e Cudlags Giulod (e jles / YAY

St €
aS a0 plzi Ve MOL 50 Joleo COD ke g5y ,0 COD i 003l &l puss wig,
5 s <ol 438y 331 i o 5T, S 2 al38 Sllge 455357, S
A5l o 5, 5y ol S ) ol 395 45 el 55T, 0,8 oo ol 5o
lsr isu 9,0 Cobl s px> L O e MO/L (555,5 COD Bi 005l a5 was oo lis s
LYo MmO/l 99,5 COD Bi> 003l (yuizmad .Sl /AY g ,0 b puiis  Sar (glylo
OO St el e 0 po b pedtns (Shen llo (a0l w5950 Sl ey o>
ool 5 eSSy 5L T slal 1o COD G i s, 45 480 o Gl Sinad 5
bl Olhess plp 5o 58] yide lal 5 )5S 09,0 @95 2 Oog St 5l G40 &S
b a5l ool e b Jd o (oaolge amdge (Saby wsys oS Ll el gl o
4 COD Gi> 053L byt oo abal) sl 2l 2l g golaidl Llod 4 6l0 50 000 5 (>l mos
aaS aed o Hlis /-0 plppvauel Titest gesl mls 8,5 13 ee3l 0550 5kl Ll
Las,o VO g Ve Sad » sl sy 0 B> oo5L b+ » MY/L (504,5 COD L 50, oK
033b (¢ /40 5l sz pvalue) o)ls gls Sme S a1 ¥ 5 YO Ve Sul sl sy
il gl gime BB kel Ll 4 so,a Yo g YO Ve Salp lo ao,o 00 COD i
sl ol abay sle 44 0,5 (65 il Gl oo ol cpl 4 azgi b (/00 5 S p value)
do 3 Yoy YO ¥ i slo azes e e JolS ulidia 5 0+ MO/L 350> 45 COD cale gl
2,5 5,8 Jaioe Wilgh o Lo ay,5 g (golaidl blod a4y el (il aS 5,100 0929 Slaix oI5 &glas
6o oz Hlo 45 am3 o plis Ve o MOL Jolee COD L (s pal, olin 5 s ,lel (ys0)l b
SHC0 ) e pvaue) cuils ss2g (5, (cme S| do )0 Ve pox> g a0, 0 V0 9 Ve s
Sxe S a0 Ve g V0 s b pz> Lo, o Ve 5 00,0 V0 9 Ve o o> s (o9
G e S s 3 Ve 5 YO o o> g (100 5l is pvaUe) wb ssnlie g)ls
ksl a5l (S (e Sl TSS gllas oS (4100 51y p valUg) cuiss deg
g TSS kS o s oo olid gy ol s ol sty 8, SIS il (sl 35T,
Clay 4l 6l Can )y Laome cbli> Glojle slaolailinl gla oogaze o (S5 b 4 (>g,5
Chle o5 ws o ol (rs 5 Sley TSS i wigy 3l (o0 oaindy o mle & (25>
9 ol yiws 0525l (o0 2olS Cull i b oolse (95T, (Sl ao)s Sl Olilse 4 TSS
&Sl 2eS ke g o3l o pls 4 1) (Blae D3 1 (55l o5 Gl (g5, 2 d9zse plidsn
VoY) oS o adss oyl gl (6550 5l aS olo sl SO g plidgn YU SRT (ol 5 ol51 sl



YAN/ e siuae Uil JT U GialS )5 ol i JI2b o J9iS1) 3 ,Soe o siaaw x> s b ) 2

o obed 4 odpnz 0l = Blee 08, (BB e e Sluy YL CuST LYS (et I (C
OleSs (Sadp sla o ys 40 (69,9 COD clale a5 ams o lis Ttest g bl 903l ulis aig,
(10 5] eSS pyalug) o)l 2,5 ol TSS clale 5 g)ls s il ¢ s

IS ol i b ool 1iST) (Sudyy doys Liglidl a5 ans e s aslllas oyl 5l o> gl
2l inl 2 @l G (599)9 COD clale andl.conl (551, bl L (soniitns 5 S (Ko
MO/L Joleo COD il 1o g ao,0 Vo Sal p ao,0 O » MO/L Joleo COD clale jo 500
lao )l 50 igh (oo (Byre frm A o > loie 4 oy VO (Sadp wops Ve
R85 S )0 eizme 5 Dokl 5 (ARALT elde Sleade Slalllas 3yb 5l sl Lol uliie
D9 Gt golaiSl job 4y iy (Fab 5 dos (e soladly 28 Ll

&b

1- Yen-Hui L. Kinetics of nitrogen and carbon removal in a moving-fixed bed biofilm reactor.
Applied Mathematical Modeling. 2008. 32(11), 2360-2377.

2- Bajgj M., Gallert C., Winter J. Biodegradation of high phenol containing synthetic wastewater
by an aerobic fixed bed reactor. Bioresource Technology. 2008. 99(17), 8376-8381.

3- Erhan E., Yer E., Akay G., Keskinler B., Keskinler D. Phenol degradation in a fixed bed
bioreactor using micro-cellular polymer-immoabilized Pseudomonas syringae. Journal of Chem.
Technol. Biotechnol. 2004. 79, 195-206.

4- Bajgi M., Gdlert C., Winter J. Biodegradation of high phenol containing synthetic wastewater
by an aerobic fixed bed reactor. Bioresource Technology. 2008. 99, 8376-8381.

5- Dadllas E., Weaver. Design and operations of fine media fluidized bed biofilters for meeting
oligotrophic water requirements. Aquacultural Engineering. 2006. 34, 303-310.

6- Drioli E., Romano M. Progress and new perspectives on integrated membrane operations for
sustainable industrial growth. Ind. Eng. Chem. Res. 2001. 40, 1277—-1300.

7- Xin Z., Yanming W., Zhengfang Y. Qil field wastewater treatment in biological aerated filter
by immobilized microorganisms. Process Biochemistry. 2006. 41(7), 1475-1483.

8- Cresson R., Escudie R., Steyer J., Delgenes J., Bernet N._Competition between planktonic and
fixed microorganisms during the start-up of methanogenic biofilm reactors. Water Research.
2008. 42(3), 792-800.

9- Asok Adaka., Anjali Pal. Removal of phenol from aquatic environment by SDS-modified
aumina: Batch and fixed bed studies. Separation and Purification Technology. 2006. 50 256—
262.

10- Borghei S., Sharbatmaleki M., Pourrezaie P., Borghel G. Kinetics of organic removal in
fixed-bed aerobic biological reactor. Bioresource Technology. 2008. 99, 1118-1124.



TPAA Jlo  Cudlags 0aSiils S g (S pale oG Ol buzme Cudlags Giulod e jles / TAA

ol o 539 galdsny )5Sy 5 by ol i Glsie 4 el S 5 Slae OVTAT) o a5 o ( Sho )
FY o 0F oylels w ylpdol OIS 4 o) 3

41.7}.0 J/.?Lua e l; ‘5.«1.‘35.\.) )l solazwl l) U‘l'“j 63L> s_f}LoB M (\V/\V) I'd «Cawgo (;Lj 9 < “SAJT o ‘)‘9"J‘> -\Y
A X N g o)Lo,(;} ‘QLW‘ u)l.@lﬁ 9 s.j (g GAIC

13- Metcalf and Eddy (2003). Wastewater Engineering Treatment and Reuse. 4" Edition. Mc
Graw-Hill Inc.

14- Gabriel, B. (2005). Wastewater Microbiology. 3 Edition. Department of Environmental
Engineering Sciences, University of Florida, Gainesville, Florida. JOHN WILEY & SONS, INC.,
PUBLICATION.

15- APHA (2005). Standard Methods for the Examination of Water & Wastewater. 21™ Edition.
American Public Health Association, New York, USA.

16- Plattes M., Henry E., Schosseler P., Weidenhaupt A. Modelling and dynamic
simulation of a moving bed bioreactor for the treatment of municipal wastewater.
Biochemical Engineering Journal. 2006. 32, 61-68.

17- Yen-Hui Lin. Kinetics of nitrogen and carbon removal in a moving-fixed bed biofilm reactor.
Applied Mathematical Modelling. 2008. 32, 2360-2377.

18- Huang B., Wang Y., Zhang S., Yong A. Kinetic Model of Fixed Bed Reactor with
Immobilized Microorganisms for Removing Low-Concentration SO,. Journal of Natural Gas
Chemistry. 2007. 16, 86-91.

19- Bajg) M., Gallert C., Winter J. Biodegradation of high phenol containing synthetic wastewater
by an aerobic fixed bed reactor. Bioresource Technology. 2008. 99, 8376-838L1.

20- Lohi A., Alvarez Cuenca M., Anania G., Upreti S., Wan L. Biodegradation of diesel fuel-
contaminated wastewater using a three-phase fluidized bed reactor. Journal of Hazardous
Materials. 2008. 154, 105-111.



